This paper focuses on the heat transfer and structural stress analysis of the mi-
Introduction
Since Edison invented the first lamp, the lamp technology has developed toward power-saving, low pollution, and long life design. Light emitting diode (LED) is a new generation of solid state lighting with superior characteristics, such as high efficiency, high brightness, long life, low power consumption, low pollution, full color display, adaptability to any climate, anti-dust, and so on. LED has become a highly important lighting tool [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . This paper investigates the heat transfer and thermal stress for high-power LED micro-scale design and analysis to reduce the chip hot spot temperature. Thermal effect significantly impacts the micro structure package design; hence, thermal cooling was employed to investigate the problem. Micro LED could reduce power consumption, thermal cooling, and thermal stress problems.
Design and structure of micro LED and heat sink model
In order to increase the LED chip lighting brightness, the new design cup-shaped micro LED reflector structure was employed for the analysis model, as shown in fig. 1 . The LED model needs to match the printed circuit board (PCB), and the PCB material can affect the thermal conductivity of the LED packaging structure. Thus, this analysis model would adopt the aluminum metal core PCB with a thickness of 1 mm, as shown in fig. 3 . The analysis model was established conveniently and the PCB structure was simplified, as shown in the cross-sectional view in fig 4. Figure 5 shows the LED 3 × 3 array model, in which the distance between the LED was 0.5 mm. When the model was completed, the boundary conditions and materials must be set including material property, heat transfer model, power consumption, light emission, thermal stress analysis, and so on. To enhance heat dissipation more effectively and increase the structure strength, the heat sink mount on the PCB board must be configured. In this paper, the micro-scale packaging structure design was analyzed; thus, the micro LED space with heat sink and sink fin also considered the ratio of height and space. During this study, all of the heat sinks would adopt uniform rectangular shapes because of its convenient design for analysis and manufacture. Figure 6 shows the single micro LED, while fig. 7 shows the 3 × 3 array micro LED mounted on PCB, as well as the heat sink design and analysis model. The heat sink dimension is 15 × 15 × 1 mm, fin length is 10 mm, fin thickness is 0.5 mm, and the distance between fins is 2 mm. This design enhanced the fin contact area, which could increase heat transfer, reduce hot spot temperature, and reach uniform temperature thermal cooling. These heat transfer analysis results can be transferred to the structure model as the initial conditions for the thermal stress study. The LED structure model has a micro-scale packaging structure, and the wire bonding heat transfer and thermal stress distribution of such design would be investigated. LED thermal-effect and thermal-stress were likewise simulated by using the ANSYS software for the finite element method, in which heat transfer is combined with conduction, convection, and thermal radiation. Thermal stress is equivalent to the Von Mises criterion. The LED was attached to the silicon substrate through the wire bonding process by using epoxy as the die bond material. The geometries of the finite element model were close to those of a typical LED device. In order to address the heat convection, the LED model would be added to the heat convection coefficient (h c ) experience to formulate the solution thermal effect as [11] :
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where ∆T is T surface -T ambient , T avg. is (T surface -T ambient )/2, k a is the air conductivity coefficient, L ch is the characteristic length of geometries, n = 0.25; C = 0.27-0.59; Pr is the Prandtl number = ν/α, ν is the momentum diffusivity, α is the thermal diffusivity, and Pr = 0.72 for air.
Results and discussion
To enhance the micro LED thermal cooling and reduce the thermal stress concentration effect, the single micro LED mounted on the PCB and heat sink was investigated by using h c = 2 W/m 2 K, h c = 10 W/m 2 K, and h c = 25 W/m 2 K at 1 W, 2 W, and 3 W, respectively. The 1 W analysis results showed that the heat transfer T j temperature steady-state is 44.6 °C, as shown in fig. 8 . At the same time, the T j temperature is 64.2 °C and 83.8 °C when micro LED was added to the 2 W and 3 W power consumption analyses, as shown in figs. 9 and 10, respectively. Thus, the thermal effect of the micro LED packaging structure mounted on the PCB and heat sink can be improved. From the heat transfer analysis results, the 1 W thermal stress effect showed that the thermal stress concentration location maximum steady-state is 142.9 MPa, as shown in fig.  11 . At the same time, the maximum steady-state is 152 MPa and 160 MPa when micro LED was added to the 2 W and 3 W power consumption analyses, as shown in figs. 12 and 13. 14. At the same time, the T j temperature steady-state is 72.3 °C and 95.9 °C when the micro LED was added to the 2 W and 3 W power consumption analyses, as shown in figs. 15 and 16, respectively. Thus, the micro LED 3 × 3 array packaging structure mounted on the PCB and heat sink could improve the T j thermal effect. Figure 17 compares the results of the micro LED 3 × 3 array T j temperature heat transfer analysis with/without heat sink. Heat sink could help decrease the micro LED T j temperature, which ranges 30-41% and under the specification value of 100 °C. Figure 22 shows the micro LED comparisons with single and 3 × 3 arrays for T j temperature analysis using h c = 2-25 W/m 2 K. Figure 23 compares the micro LED of single and 3 × 3 arrays for thermal stress analysis using h c = 2-25 W/m 2 K. Thermal stress concentration location load effect is likewise added to the internal material bonding crack when the micro LED packaging structure temperature increased.
--------------* For color image see journal web site Thermal stress concentration effect would be decreased from 13% to 33%, and reducing the structure fracture of the T j temperature could enhance heat conduction.
From analysis results ( fig. 24 ), we could be clearly determined the micro LED thermal stress concentration location at the side of the etching holes, and similarly the golden wire bonding position. In the future, the micro LED packaging structure design should carefully pay attention to the golden wire bonding and fabrication process at the edge of etchings through the heat transfer effect and stress concentration of holes location.
Conclusions
This paper has successfully used the finite element method for the simulation and analysis of micro LED packaging structure heat transfer and thermal stress concentration location at the edge of etching through holes. The packaging could be improved by wire bonding and fabrication structure thermal effect zone. This micro-scale LED design has used a reflector cup --------------* For color image see journal web site to improve the InGaN light emitting efficiency. According to the simulation and analysis results, the important conclusions are summarized as follows.
• The micro-scale LED model temperature and thermal stress are proportional to the input power consumption. Heat convection coefficient (hc) enhancement and improvement could help LED thermal cooling, reduce Tj temperature, and increase long life. Thermal stress concentration zone was found at the edge of etching through holes.
•
The increase of the heat transfer area of the micro LED mounted on the PCB and heat sink enhances the thermal cooling, increases structure strength, and decreases the thermal stress concentration effect. LED array heat transfer temperature and thermal stress concentration zone could likewise be increased. Thus, the heat convection coefficient cooling of the LED element must be improved by using stable, safe, and reliable packaging materials.
• Thermal stress concentration zone would decrease and the overall structure would be enhanced when the micro LED T j temperature decreases. Thermal stress concentration zone would increase and the overall structure would be weakened when the micro LED T j temperature increases.
